Introduction
============

Cardiovascular diseases, including heart disease and stroke, are leading causes of morbidity and mortality in the United States.^[@b1]^ Recurrent myocardial infarction (MI) events represent one fourth of the ≈915 000 coronary events that occur in the United States each year,^[@b2]^ and ≈7% of nondiabetic US adults self‐reported a history of MI from 1999 to 2001.^[@b3]^ In individuals who have experienced an MI, treatment and control of risk factors are essential to reduce the risk of recurrent MI, other nonfatal cardiovascular disease events, and death. Secondary prevention guidelines have recommended intensive treatment and control of vascular risk factors such as hypertension, dyslipidemia, diabetes mellitus, and smoking over the past decade.^[@b4]--[@b6]^ Initiatives such as Million Hearts and Healthy People 2020 include increasing secondary prevention coverage as targets among their objectives.^[@b7]--[@b8]^ Recently, the American Heart Association established its Strategic Impact Goal to improve the cardiovascular health of all Americans by 20% and to reduce deaths from cardiovascular diseases (CVD) by 20% by 2020, through targeting these modifiable health factors and health behaviors.^[@b9]^ It is unclear whether recent trends in risk factor treatment and control in secondary prevention will support achievement of these goals.

National‐level data on adherence to secondary prevention guidelines are limited, and available only through 2002.^[@b10]--[@b11]^ Although updated cholesterol and blood pressure guidelines were released in 2013,^[@b12]--[@b13]^ recent trends of risk factor management occurred under the preceding secondary prevention guidelines. Based on these gaps and using goal risk factor levels established under contemporaneous iterations of prevention guidelines, we evaluated nationally representative risk factor treatment and control trends in American adults who self‐reported a history of MI from 1999 to 2012, and projected these trends to 2020 to evaluate progress toward the American Heart Association\'s 2020 Strategic Impact Goal.

Methods
=======

Study Sample
------------

We analyzed recent cross‐sectional data of all adults \>20 years of age from the National Health and Nutrition Examination Survey (NHANES).^[@b14]^ The NHANES examinations represent serial cross‐sectional estimates of the prevalence of diseases, conditions, and medication use in the general noninstitutionalized US population. Data were available for seven 2‐year cycles between 1999 and 2012. We analyzed data from the 1580 individuals who self‐reported a history of MI and who participated in both the interview and mobile NHANES examinations. NHANES was approved by the National Center for Health Statistics Ethics Review Board, and subjects gave informed consent.

Study Variables
---------------

Methods for obtaining medical history, physical examination, and laboratory measurements (including blood pressure, total cholesterol, high‐density lipoprotein \[HDL\] cholesterol, low‐density lipoprotein \[LDL\] cholesterol, fasting plasma glucose, and hemoglobin A1c), and changes in measurement methods during the study period have been previously reported.^[@b14]^ Non‐HDL cholesterol was calculated as total cholesterol minus HDL cholesterol. Medical history was based on self‐report of a participant being told by a health professional that he/she had a condition. Time since MI was calculated as current age minus age at which patient had an MI. Treatment rates were calculated based on either self‐report of pharmacotherapy for hypertension, hyperlipidemia, or diabetes mellitus, or record of a medication for these conditions during interviewer review of participants' prescription medication bottles. Aspirin, statin, angiotensin‐converting enzyme (ACE) inhibitor, angiotensin II receptor blocker (ARB), and β‐blocker use information were also obtained during review of participant prescription medication bottles. Based on previous guidelines for CVD prevention, target risk factor levels that defined control were a systolic blood pressure \<140 mm Hg and a diastolic blood pressure \<90 mm Hg for hypertension, total cholesterol \<200 mg/dL for hyperlipidemia, or hemoglobin A1c \<7% for diabetes mellitus. Total cholesterol, rather than LDL cholesterol, was used to calculate hyperlipidemia control rates because LDL data were available only on a subset of individuals (n=690).

Statistical Analyses
--------------------

We conducted statistical analyses using SAS v9.3 (SAS Institute, Cary, NC), and accounted for the complex weighted sampling design of NHANES in all analyses. We used the full sample 2‐year mobile examination center weight, except for analysis of fasting plasma glucose, where we used the fasting subsample 2‐year weight. We calculated means and rates using PROC surveymeans and surveyfreq, accounting for stratum and cluster information when allowed by sample size. Data are reported as mean and standard error for continuous variables, or frequency and percentage for categorical variables, and are based on sampling weight. In subgroups where estimates did not converge due to limited sample size, we removed stratum and cluster information from analyses to obtain an estimate of linear trends. To estimate trends from 1999 to 2012, we created weighted linear regression models with estimated mean values or percentages as dependent variables and survey time as independent variables. We used reciprocals of variances as weights. We report regression β coefficients that represent the slope or rate of change per year within and among study variables across the study period. We evaluated potential nonlinear trends by including a quadratic term for time in the linear model where appropriate and allowed by sample size. Given the minimal differences seen in the quadratic models, we used linear trends for simplicity.

Employing previously published methods to create forward, linear projections,^[@b15]^ we created projections to 2020 under the assumption that previous trends would continue at a similar rate in a linear fashion, based on prior findings that document linear changes in parameters of interest across time.^[@b16]--[@b17]^ A 2‐sided *P* value \<0.05 defined statistical significance.

Results
=======

Characteristics of participants reporting prior MI from 1999 to 2012 are summarized in [Table 1](#tbl01){ref-type="table"}. There were no significant differences in participant age, sex, and race/ethnicity over time. Mean age ranged from 63 to 66 years. The majority of participants reporting prior MI were men. The most common racial/ethnic group was non‐Hispanic white (73% to 85%), followed by non‐Hispanic black (6% to 13%). Mean time since MI was ≈10 years across the study period. Over the study period, the prevalence of diabetes trended upwards, but there were no significant changes in the prevalence of other co‐morbid conditions. Smoking rates remained unchanged. Aspirin use increased from 4% in 1999--2000 to 28% in 2011--2012 (*P*\<0.01). Statin use increased from 36% to 73% (*P*=0.04). Use of ACE inhibitors or ARBs increased by 2011--2012 to 46% (*P*=0.03). β‐Blocker use did increase overall, but the trend was not significant. Body mass index trended upwards, up to 30 kg/m^2^ (*P*=0.07). Overall mean total cholesterol decreased (*P*=0.01), non‐HDL decreased (*P*=0.01), and LDL decreased (*P*=0.01). Overall trends of other lipid components, blood pressure, and glucose were not significant.

###### 

Characteristics of NHANES Participants Reporting Prior MI in Biennial Examinations From 1999--2012

                                                            1999--2000    2001--2002    2003--2004    2005--2006    2007--2008    2009--2010    2011--2012    *P* (Trend)   *R* ^2^
  --------------------------------------------------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- ---------
  Demographics, N (%)                                       187           211           256           208           267           258           193                         
  Women                                                     61 (30.5)     69 (37.6)     98 (40.3)     66 (40.4)     90 (38.0)     76 (29.7)     73 (41.0)     0.88          0.01
  Age in y, mean (SE)                                       63.7 (1.2)    65.2 (1.3)    66.0 (1.2)    65.7 (0.9)    65.0 (0.9)    63.1 (1.2)    65.5 (0.8)    0.98          0.01
  Race                                                                                                                                                                      
  Non‐Hispanic white                                        114 (81.9)    135 (81.5)    179 (82.1)    140 (84.6)    162 (72.9)    161 (78.5)    101 (77.4)    0.18          0.32
  Non‐Hispanic black                                        27 (6.4)      43 (12.6)     33 (8.8)      44 (9.1)      47 (10.9)     42 (10.6)     40 (8.2)      0.29          0.22
  Hispanic                                                  31 (2.0)      28 (3.3)      32 (2.7)      16 (2.2)      21 (3.0)      36 (6.0)      12 (3.4)      0.25          0.25
  Medical history, N (%)                                                                                                                                                    
  Years since MI, mean (SE)                                 9.1 (0.8)     9.0 (0.7)     10.6 (0.8)    8.9 (0.7)     10.6 (0.5)    10.2 (0.5)    11.5 (0.8)    0.05          0.55
  Stroke                                                    32 (13.4)     39 (16.9)     36 (13.8)     43 (17.4)     46 (16.7)     48 (19.8)     43 (17.0)     0.11          0.42
  Heart failure                                             58 (29.9)     66 (30.1)     82 (29.5)     78 (34.0)     90 (33.3)     73 (28.2)     72 (33.0)     0.41          0.14
  Malignant neoplasm                                        37 (18.5)     47 (20.1)     52 (21.7)     42 (18.7)     60 (25.3)     67 (26.9)     34 (16.3)     0.50          0.09
  Current smoker                                            37 (23.9)     41 (23.2)     50 (24.3)     41 (21.7)     63 (21.6)     66 (24.0)     49 (28.9)     0.68          0.04
  Diabetes                                                  49 (19.7)     58 (27.0)     69 (23.5)     66 (28.4)     94 (31.5)     76 (27.4)     70 (29.7)     0.07          0.51
  Aspirin use                                               7 (4.0)       16 (6.6)      37 (13.9)     40 (20.9)     43 (15.7)     52 (21.4)     43 (28.0)     \<0.01        0.90
  Statin use                                                62 (36.3)     111 (56.5)    113 (46.1)    114 (56.4)    130 (48.6)    146 (54.6)    129 (72.9)    0.04          0.59
  ACE inhibitor or ARB use                                  66 (32.9)     81 (39.9)     108 (41.9)    88 (41.1)     138 (47.5)    120 (43.8)    102 (46.3)    0.03          0.65
  β‐Blocker use                                             51 (27.2)     89 (47.0)     106 (41.7)    131 (63.3)    136 (51.2)    152 (57.0)    117 (56.6)    0.12          0.41
  Physical exam/laboratory measures, mean (SE)                                                                                                                              
  BMI, kg/m^2^                                              28.7 (0.5)    30.0 (0.6)    29.2 (0.5)    29.6 (0.5)    29.9 (0.5)    31.1 (0.6)    30.1 (0.5)    0.07          0.52
  Systolic BP, mm Hg                                        129.0 (2.4)   129.2 (1.7)   131.8 (2.0)   126.8 (2.2)   129.5 (1.3)   122.8 (1.2)   127.9 (1.5)   0.25          0.25
  Diastolic BP, mm Hg                                       69.1 (1.2)    66.6 (1.2)    67.8 (0.7)    66.1 (1.0)    68.5 (0.9)    65.8 (1.2)    67.1 (1.1)    0.34          0.18
  Total cholesterol, mg/dL                                  201.9 (3.3)   191.3 (6.0)   200.1 (3.8)   180.0 (4.1)   180.4 (3.4)   178.5 (3.2)   172.7 (2.7)   0.01          0.81
  HDL, mg/dL                                                47.5 (1.7)    46.8 (1.4)    51.0 (1.4)    50.9 (1.7)    49.9 (1.2)    46.7 (1.1)    47.9 (1.8)    0.99          0.00
  Non‐HDL, mg/dL                                            154.4 (3.9)   144.5 (6.1)   149.1 (3.7)   129.2 (4.1)   130.6 (3.7)   131.8 (3.1)   124.7 (2.5)   0.01          0.81
  LDL, mg/dL[\*](#tf1-1){ref-type="table-fn"}               121.6 (3.9)   116.2 (7.2)   106.0 (4.1)   94.5 (4.6)    101.9 (3.0)   99.9 (2.7)    94.7 (3.7)    0.01          0.75
  Fasting glucose, mg/dL                                    119.3 (5.5)   115.9 (8.6)   120.0 (6.7)   112.7 (2.5)   116.4 (3.8)   114.9 (2.5)   118.3 (2.8)   0.57          0.07
  HbA1c, %                                                  5.8 (0.1)     5.8 (0.1)     6.2 (0.2)     5.7 (0.1)     6.1 (0.1)     6.1 (0.1)     6.1 (0.1)     0.23          0.27
  Optimal regimen, N (%)[\*](#tf1-2){ref-type="table-fn"}   4 (2.7)       13 (4.9)      33 (12.9)     35 (18.2)     35 (13.8)     48 (19.6)     40 (23.5)     \<0.01        0.89

Rates and means calculated based on sample weights. ACE indicates angiotensin‐converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; HDL, high‐density lipoprotein; LDL, low‐density lipoprotein; MI, myocardial infarction; NHANES, National Health and Nutrition Examination Survey.

LDL only measured on a subset of participants.

Optimal regimen defined as treated with aspirin, a cholesterol‐lowering drug, and a blood pressure--lowering drug.

Cholesterol
-----------

Trends and projections for cholesterol treatment and cholesterol levels by sex are listed in [Table 2](#tbl02){ref-type="table"}. From 1999--2000 to 2011--2012, cholesterol treatment rates increased in men from 47% to 80% (*P*=0.03), with large increases seen particularly between 1999--2000 and 2001--2002, and between 2009--2010 and 2011--2012. Among those men treated, control rates increased from 69% to 85% (*P*=0.01). Projections based on these trends showed that treatment and control rates would reach 100% by 2020. These increasing treatment and control rates corresponded to decreases in total cholesterol (*P*\<0.01) and LDL cholesterol (*P*=0.02). In women, treatment rates trended upwards (*P*=0.06) but remained lower than treatment rates in men, until 2011--2012 when treatment rates reached 82%. Mean total cholesterol in treated women decreased across time, from 194 to 173 mg/dL (*P*=0.01).

###### 

1999--2012 Cholesterol Trends and Projection to 2020 in NHANES Participants Reporting Prior MI, by Sex

                                 1999--2000    2001--2002     2003--2004    2005--2006     2007--2008    2009--2010    2011--2012     β (SE)         *P* (Trend)   *R* ^2^   2020 (Projected)
  ------------------------------ ------------- -------------- ------------- -------------- ------------- ------------- -------------- -------------- ------------- --------- ------------------
  *Men, N (total)*               126           142            158           142            177           182           120                                                   
  Treated, N (% of total)        56 (46.6)     89 (66.4)      94 (59.1)     98 (72.3)      128 (74.3)    126 (65.7)    94 (80.2)      1.84 (0.58)    0.03          0.67      100%
  Controlled, N (% of treated)   35 (68.8)     59 (66.8)      66 (69.3)     79 (81.5)      101 (84.3)    102 (80.5)    79 (85.1)      1.51 (0.40)    0.01          0.74      100%
  Total cholesterol, M (SE)      185.9 (3.5)   178.1 (6.3)    180.4 (4.7)   171.0 (7.5)    162.7 (4.1)   166.4 (3.5)   162.7 (3.0)    −1.98 (0.34)   \<0.01        0.87      142.8
  HDL, M (SE)                    39.7 (1.8)    41.9 (1.1)     45.7 (1.3)    47.6 (1.5)     44.8 (0.9)    45.1 (2.2)    44.2 (1.7)     0.34 (0.22)    0.19          0.32      49.2
  LDL, M (SE)                    108.9 (3.5)   109.0 (7.6)    91.2 (2.6)    88.2 (2.8)     88.8 (4.7)    90.7 (4.0)    87.2 (5.1)     −1.81 (0.56)   0.02          0.68      67.7
  Untreated, N (% of total)      70 (53.4)     53 (33.6)      64 (40.8)     44 (27.7)      50 (25.7)     56 (34.3)     26 (19.8)      −1.84 (0.58)   0.03          0.67      0%
  At goal, N (% of untreated)    32 (44.3)     29 (62.9)      31 (43.9)     21 (43.2)      33 (42.1)     34 (63.7)     11 (31.2)      −1.26 (0.91)   0.23          0.27      32%
  Total cholesterol, M (SE)      208.0 (6.8)   206.1 (13.1)   214.6 (9.6)   198.6 (5.8)    209.7 (4.6)   197.3 (5.0)   206.7 (6.2)    −0.47 (0.59)   0.46          0.11      198.8
  HDL, M (SE)                    48.4 (1.6)    43.3 (3.0)     47.8 (2.2)    44.3 (1.1)     51.7 (4.9)    46.6 (1.1)    59.3 (8.6)     0.77 (0.44)    0.14          0.38      60.3
  LDL, M (SE)                    126.0 (3.6)   120.5 (4.3)    113.4 (8.5)   128.8 (8.9)    128.8 (1.7)   108.2 (7.3)   119.5 (0.3)    −0.51 (0.78)   0.54          0.08      113.0
  *Women, N (total)*             61            69             98            66             90            76            73                                                    
  Treated, N (% of total)        24 (38.8)     37 (62.7)      53 (60.3)     39 (60.2)      48 (55.9)     42 (55.7)     53 (81.7)      2.35 (0.94)    0.06          0.55      100%
  Controlled, N (% of treated)   14 (56.6)     22 (58.6)      22 (41.3)     28 (80.7)      33 (76.5)     27 (66.0)     37 (72.3)      1.94 (1.51)    0.25          0.25      100%
  Total cholesterol, M (SE)      194.4 (3.2)   190.5 (5.1)    208.2 (4.7)   169.9 (2.0)    175 (5.3)     179.7 (6.5)   173.1 (3.8)    −2.73 (0.67)   0.01          0.77      152.8
  HDL, M (SE)                    47.0 (2.2)    51.9 (1.4)     57.9 (2.4)    54.9 (1.9)     53.9 (2.5)    48.5 (1.1)    48.3 (2.1)     −0.12 (0.41)   0.78          0.02      49.9
  LDL, M (SE)                    112.9 (0.0)   117.6 (2.9)    121.8 (6.4)   82.0 (6.2)     95.3 (6.4)    103.2 (6.8)   92.2 (2.0)     −2.10 (1.19)   0.14          0.38      72.1
  Untreated, N (% of total)      37 (61.2)     32 (37.3)      45 (39.7)     27 (39.8)      42 (44.1)     34 (44.3)     20 (18.3)      −2.35 (0.94)   0.06          0.55      0%
  At goal, N (% of untreated)    12 (26.9)     12 (32.9)      23 (48.5)     12 (50.6)      19 (46.1)     20 (65.5)     8 (55.7)       1.19 (1.04)    0.31          0.21      86%
  Total cholesterol, M (SE)      222.3 (7.4)   213.4 (10.5)   212.0 (6.2)   203.6 (9.5)    212.4 (8.4)   185.4 (6.1)   189.9 (17.3)   −2.11 (1.07)   0.11          0.44      164.6
  HDL, M (SE)                    59.5 (4.5)    59.5 (2.9)     59.2 (2.4)    60.9 (3.3)     58.4 (5.6)    50.1 (4.4)    55.3 (4.1)     −0.58 (0.29)   0.10          0.45      48.9
  LDL, M (SE)                    151.5 (9.1)   123.4 (8.6)    118.7 (4.8)   103.2 (11.7)   126.0 (4.9)   103.2 (4.1)   136.9 (0.0)    −1.37 (1.69)   0.45          0.12      102.7

Cholesterol listed in mg/dL. Untreated individuals at goal had a total cholesterol level \<200 mg/dL. β coefficients represent the change in treatment or control prevalence or risk factor level per year. HDL indicates high‐density lipoprotein; LDL, low‐density lipoprotein; MI, myocardial infarction; NHANES, National Health and Nutrition Examination Survey.

Cholesterol treatment and control by race/ethnic group are listed in Table S1. Treatment rates increased in non‐Hispanic whites from 44% in 1999--2000 to 84% in 2011--2012 (*P*=0.02), with increases in control up to 82% in 2011--2012 (*P*=0.05). Treatment rates were projected to reach 100% in non‐Hispanic white and Hispanic individuals by 2020, although the projected treatment and control rate for non‐Hispanic black individuals remained suboptimal. These increases corresponded to decreases in total cholesterol (*P*=0.01) and LDL cholesterol (*P*=0.03) in non‐Hispanic whites across the study period. In Hispanic/Latinos, cholesterol treatment rates increased from 36% to 67% (*P*=0.03), although no change in control rates or cholesterol levels were observed. There were no changes in cholesterol treatment, control, or cholesterol levels across the study period in non‐Hispanic blacks.

Blood Pressure
--------------

There was no significant trend in blood pressure treatment or control in men or women from 1999--2012 ([Table 3](#tbl03){ref-type="table"}), and projections to 2020 indicate stable rates of treatment, particularly for women. There was also no significant trend in systolic blood pressure or diastolic blood pressure, in either treated or untreated men or women. By race/ethnic group, blood pressure treatment rates increased in non‐Hispanic blacks from 69% in 1999--2000 to 93% in 2011--2012 (*P*=0.05) with a projected treatment rate of 100% by 2020 (Table S2). There was no significant trend in blood pressure treatment in non‐Hispanic whites or Hispanic/Latinos, and no significant change in blood pressure control rates in any racial/ethnic group, corresponding to low projected treatment and control in these groups. Across the study period there was no significant change in systolic or diastolic blood pressure in any race/ethnic group.

###### 

1999--2012 Blood Pressure Trends and Projection to 2020 in NHANES Participants Reporting Prior MI, by Sex

                                 1999--2000    2001--2002     2003--2004    2005--2006    2007--2008    2009--2010    2011--2012    β (SE)         *P* (Trend)   *R* ^2^   2020 (Projected)
  ------------------------------ ------------- -------------- ------------- ------------- ------------- ------------- ------------- -------------- ------------- --------- ------------------
  *Men, N (total)*               126           142            158           142           177           182           120                                                  
  Treated, N (% of total)        86 (60.4)     108 (73.8)     124 (76.1)    119 (84.5)    150 (85.4)    145 (74.0)    103 (81.7)    0.65 (0.81)    0.45          0.12      100%
  Controlled, N (% of treated)   53 (67.8)     55 (60.9)      69 (58.7)     85 (70.3)     95 (67.7)     99 (72.4)     68 (68.2)     0.46 (0.39)    0.29          0.22      80%
  Systolic BP, M (SE)            127.9 (2.0)   128.9 (3.1)    129.3 (2.3)   124.0 (2.5)   127.4 (1.6)   122.8 (1.2)   127.6 (2.6)   −0.27 (0.23)   0.29          0.22      122.8
  Diastolic BP, M (SE)           68.8 (1.1)    67.7 (1.7)     67.9 (1.5)    68.1 (1.4)    67.8 (1.4)    64.5 (1.2)    68.1 (1.0)    −0.15 (0.13)   0.29          0.22      65.3
  Untreated, N (% of total)      40 (39.6)     34 (26.2)      34 (23.9)     23 (15.5)     27 (14.6)     37 (26.0)     17 (18.3)     −0.65 (0.81)   0.45          0.12      0%
  At goal, N (% of untreated)    10 (32.1)     15 (57.9)      8 (18.0)      6 (38.9)      7 (33.2)      12 (27.4)     4 (34.7)      −0.35 (1.16)   0.77          0.02      20%
  Systolic BP, M (SE)            125.9 (3.1)   118.7 (1.1)    131.2 (2.9)   124.2 (3.3)   125.5 (1.2)   123.2 (3.2)   124.0 (4.0)   −0.04 (0.39)   0.91          0.002     124.0
  Diastolic BP, M (SE)           76.0 (1.9)    70.1 (1.9)     72.5 (1.0)    67.6 (2.4)    75.1 (1.7)    74.1 (2.8)    73.0 (4.0)    0.03 (0.31)    0.94          0.002     73.0
  *Women, N (total)*             61            69             98            66            90            76            73                                                   
  Treated, N (% of total)        47 (76.5)     57 (85.3)      80 (77.9)     54 (78.4)     71 (76.6)     65 (79.8)     68 (86.2)     −0.21 (0.46)   0.66          0.04      87%
  Controlled, N (% of treated)   18 (48.4)     31 (60.0)      34 (39.7)     37 (54.8)     38 (56.1)     43 (73.8)     37 (58.3)     1.73 (1.11)    0.18          0.33      85%
  Systolic BP, M (SE)            137.2 (4.9)   131.0 (4.4)    136.4 (3.6)   133.4 (2.8)   132.9 (3.1)   124.8 (3.7)   131.5 (3.3)   −0.59 (0.33)   0.13          0.39      123.6
  Diastolic BP, M (SE)           64.5 (2.2)    62.3 (2.2)     64.7 (2.2)    62.1 (2.0)    65.5 (1.8)    63.3 (1.8)    64.3 (2.1)    0.04 (0.13)    0.78          0.02      64.4
  Untreated, N (% of total)      14 (23.5)     12 (14.7)      18 (22.1)     12 (21.6)     19 (23.4)     11 (20.2)     5 (13.8)      0.21 (0.46)    0.66          0.04      13%
  At goal, N (% of untreated)    5 (62.9)      2 (12.2)       2 (5.8)       6 (50.4)      6 (22.9)      6 (55.5)      2 (33.5)      3.97 (4.23)    0.40          0.18      41%
  Systolic BP, M (SE)            121.1 (8.5)   153.8 (12.0)   130.4 (1.6)   121.7 (1.6)   136.0 (6.1)   113.7 (5.1)   117.0 (0.0)   −1.55 (1.25)   0.27          0.24      104.4
  Diastolic BP, M (SE)           59.4 (6.2)    70.8 (3.4)     68.8 (1.0)    67.8 (0.7)    76.6 (2.2)    63.7 (5.3)    63.0 (0.0)    0.08 (0.59)    0.90          0.003     68.3

Blood pressure listed in mm Hg. Untreated individuals at goal had a blood pressure \<120/80 mm Hg. β coefficients represent the change in treatment or control prevalence or risk factor level per year. BP indicates blood pressure; MI, myocardial infarction; NHANES, National Health and Nutrition Examination Survey.

Glucose
-------

Trends in blood glucose measures by sex are listed in [Table 4](#tbl04){ref-type="table"}. Blood glucose treatment rates increased in men from 17% in 1999--2000 to 25% in 2011--2012 (*P*=0.01), with increases in control from 27% to 55% (*P*=0.03). Treatment and control rates were projected to reach 36% and 82%, respectively, by 2020. Mean fasting glucose trended downwards in treated men (*P*=0.08), but there was no significant change in HbA1c levels. Although there was no significant change in blood glucose treatment in women, control levels decreased from 99% in 1999--2000 to 92% in 2011--2012 (*P*=0.04) and were projected to reach 82%. There was no significant change in fasting glucose or HbA1c levels in treated or untreated women across time.

###### 

1999--2012 Blood Glucose Trends and Projection to 2020 in NHANES Participants Reporting Prior MI, by Sex

                                 1999--2000    2001--2002    2003--2004     2005--2006    2007--2008    2009--2010    2011--2012    β (SE)         *P* (Trend)   *R* ^2^   2020 (Projected)
  ------------------------------ ------------- ------------- -------------- ------------- ------------- ------------- ------------- -------------- ------------- --------- ------------------
  *Men, N (total)*               126           142           158            142           177           182           120                                                  
  Treated, N (% of total)        28 (17.4)     33 (22.3)     34 (19.0)      42 (23.5)     52 (23.5)     52 (25.3)     41 (25.1)     −0.62 (0.15)   0.01          0.78      36%
  Controlled, N (% of treated)   9 (27.3)      20 (44.8)     17 (43.9)      20 (59.7)     24 (42.0)     25 (50.4)     19 (54.7)     2.13 (0.73)    0.03          0.63      82%
  Fasting glucose, M (SE)        220.4 (0.0)   189.2 (5.4)   122.0 (21.5)   136.2 (0.0)   151.9 (2.6)   147.5 (3.7)   131.5 (6.2)   −5.72 (2.61)   0.08          0.49      71.1
  HbA1c, M (SE)                  8.2 (0.0)     7.3 (0.1)     7.8 (0.1)      6.8 (0.0)     7.6 (0.1)     7.6 (0.2)     7.0 (0.3)     −0.06 (0.04)   0.23          0.28      6.6
  Untreated, N (% of total)      98 (82.6)     109 (77.8)    124 (81.0)     100 (76.5)    125 (76.5)    130 (74.8)    79 (74.9)     −0.62 (0.15)   0.01          0.78      65%
  At goal, N (% of untreated)    90 (90.8)     103 (95.9)    113 (95.4)     91 (88.9)     117 (94.3)    122 (97.3)    73 (97.0)     0.35 (0.21)    0.15          0.36      100%
  Fasting glucose, M (SE)        114.4 (6.8)   105.4 (1.1)   123.7 (4.6)    108.7 (1.3)   110.6 (1.3)   106.9 (1.9)   109.6 (2.1)   −0.26 (0.32)   0.46          0.11      106.0
  HbA1c, M (SE)                  5.7 (0.2)     5.5 (0.04)    5.7 (0.1)      5.6 (0.04)    5.7 (0.04)    5.8 (0.1)     5.7 (0.1)     0.01 (0.01)    0.30          0.21      5.8
  *Women, N (total)*             61            69            98             66            90            76                                                                 
  Treated, N (% of total)        40 (75.8)     46 (66.6)     75 (80.7)      51 (77.8)     59 (67.5)     51 (67.6)     45 (60.8)     0.88 (0.92)    0.38          0.15      51%
  Controlled, N (% of treated)   39 (98.6)     44 (98.5)     68 (92.7)      44 (90.1)     52 (89.9)     48 (94.7)     40 (92.0)     −0.61 (0.23)   0.04          0.59      82%
  Fasting glucose, M (SE)        143.5 (3.1)   125.7 (0.0)   192.5 (0.0)    127.0 (0.0)   118.8 (9.9)   139.3 (2.1)   179.9 (8.2)   1.12 (2.91)    0.72          0.03      163.4
  HbA1c, M (SE)                  7.1 (0.2)     6.6 (0.0)     8.2 (0.0)      6.0 (0.0)     6.4 (0.1)     6.7 (0.0)     7.7 (0.4)     0.01 (0.08)    0.95          \<0.01    7.0
  Untreated, N (% of total)      21 (24.2)     23 (33.4)     23 (19.3)      15 (22.2)     31 (32.5)     25 (32.4)     28 (39.1)     −0.88 (0.92)   0.38          0.15      49%
  At goal, N (% of untreated)    6 (24.1)      12 (61.6)     7 (29.6)       9 (66.5)      18 (61.5)     11 (42.7)     9 (32.4)      1.50 (1.44)    0.35          0.18      53%
  Fasting glucose, M (SE)        106.7 (2.1)   98.6 (1.5)    112.7 (7.4)    104.5 (1.0)   108.8 (4.1)   103.9 (2.0)   100.4 (1.8)   −0.22 (0.49)   0.67          0.04      101.8
  HbA1c, M (SE)                  5.5 (0.1)     5.5 (0.03)    6.0 (0.3)      5.4 (0.1)     5.8 (0.1)     5.7 (0.04)    5.7 (0.1)     0.01 (0.02)    0.57          0.07      5.9

Fasting glucose listed in mg/dL. HbA1c listed as percent. Untreated individuals at goal had an HbA1c \<7%. β coefficients represent the change in treatment or control prevalence or risk factor level per year. HbA1c indicates hemoglobin A1c; MI, myocardial infarction; NHANES, National Health and Nutrition Examination Survey.

Blood glucose treatment and control trend by race/ethnic group are listed in Table S3. Treatment rates trended upwards in non‐Hispanic whites, from 18% in 1999--2000 to 29% in 2011--2012 (*P=*0.06) with projection to 39% in 2020, although there was no change in control levels, fasting glucose, or HbA1c levels across time. Blood glucose treatment rates increased significantly in Hispanic/Latinos, from 29% in 1999--2000 to 37% in 2011--2012 (*P*\<0.01) with projected 61% treated in 2020, although there was no change in control levels, and no change in fasting glucose or HbA1c levels during the same time period. There was no significant change in blood glucose levels, treatment, or control across the study period in non‐Hispanic blacks.

Individual Medication Use
-------------------------

Trends in statin, aspirin, ACE inhibitor, ARB, and β‐blocker use are illustrated in Figures [1](#fig01){ref-type="fig"} and [2](#fig02){ref-type="fig"} and detailed in Table S4. From 1999--2000 to 2011--2012, statin use increased primarily in men, from 37% to 72% (*P*=0.01) with projection to 87% by 2020. The increasing trend in women was not statistically significant, although statin use reached 74% in women by 2011--2012. Increasing trends in statin use were significant in non‐Hispanic blacks (*P*=0.05) and Hispanics (*P*=0.02) and reached 52% (with projection to 71%) and 67% (with projection to 85%) of individuals, respectively. While the trend in statin use in non‐Hispanic whites was not statistically significant, statin use reached 77% by 2011--2012.

![Treatment rates and projected treatment rates in 2020 by medication type in (A) men and (B) women. Optimal regimen indicates treatment with a blood pressure--lowering medication, a cholesterol‐lowering medication, and aspirin. Corresponding data are listed in Table S1. *P* for trend \<0.05 in men for statin, aspirin, ACEi or ARB, β‐blocker, and optimal regimen; in women for optimal regimen. ACEi indicates angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker.](jah3-4-e001709-g1){#fig01}

![Treatment rates and projected treatment rates in 2020 by medication type in (A) non‐Hispanic whites, (B) non‐Hispanic blacks, and (C) Hispanic/Latinos. Optimal regimen indicates treatment with a blood pressure--lowering medication, a cholesterol‐lowering medication, and aspirin. Corresponding data are listed in Table S1. *P* for trend \<0.05 in non‐Hispanic white for aspirin, optimal regimen; in non‐Hispanic black for statin, aspirin, β‐blocker, and optimal regimen; in Hispanic/Latino for statin, aspirin, ACEi or ARB, β‐blocker, and optimal regimen. ACEi indicates angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker.](jah3-4-e001709-g2){#fig02}

Aspirin use increased for all individuals from 1999 to 2012 ([Table 1](#tbl01){ref-type="table"}, *P*\<0.01) and increasing trends were significant in all groups except for women. Aspirin use reached 31% in men with projection to 48% (*P* for trend \<0.001) and 23% in women by 2011--2012 (*P*=0.07). In non‐Hispanic whites, aspirin use reached 31% (*P*=0.001) and in Hispanic/Latinos aspirin use reached 36% (*P*\<0.001) by 2011--2012. Aspirin was taken by 12% of non‐Hispanic blacks by 2011--2012 (*P*=0.05).

ACE inhibitor and ARB use increased in the total sample. By sex, prevalence in the use of either ACE inhibitors or ARBs increased in men to 50% by 2011--2012 (*P*=0.04) but remained unchanged in women. By race, ACE inhibitor or ARB use trended upwards in Hispanic/Latinos (to 61%, *P*=0.05) but did not change in non‐Hispanic whites or non‐Hispanic blacks.

β‐Blocker use increased in men from 23% in 1999--2000 to 64% in 2011--2012 (*P*=0.04) with projected rise to 94% in 2020 if current trends continue. The trend in β‐blocker use in women was not significant. The increase in β‐blocker use through 2011--2012 was significant in non‐Hispanic blacks (*P*=0.05) and Hispanic/Latinos (*P*=0.05), but not in non‐Hispanic whites.

Overall, the proportion of individuals treated with an "optimal regimen" (treated with aspirin, a cholesterol‐lowering drug, and a blood pressure--lowering drug) increased, reaching 24% by 2011--2012 ([Table 1](#tbl01){ref-type="table"}, *P*\<0.01).

Discussion
==========

We report nationally representative data of treatment and control of cholesterol, blood pressure, and glucose in American adults who reported a history of MI from 1999 to 2012. Across this time, cholesterol treatment rates increased in men and women, with improvements in control seen in men. Cholesterol treatment rates increased in non‐Hispanic whites and Hispanic/Latinos, while treatment and control rates remained notably unchanged and suboptimal in non‐Hispanic blacks. Blood pressure treatment and control rates did not change in either men or women, and by race treatment rates increased only in non‐Hispanic blacks (in whom it increased markedly, to 93%) with no changes in control in any race group. While glucose treatment and control rates increased in men, treatment remained unchanged in women and control rates decreased. By race, blood glucose treatment increased in Hispanics and non‐Hispanic whites, but no changes in glucose treatment were seen in non‐Hispanic blacks.

Projected treatment and control rates based on recent trends provide an assessment of whether patients and practitioners are on track to attain national goals for health improvement. Both men and women MI patients are projected to achieve cholesterol treatment rate targets of 100% treated, although by race non‐Hispanic black individuals are projected to remain well below optimal levels of treatment for cholesterol. Blood pressure treatment rates are projected to remain stable, particularly in women. While rates of treatment for blood glucose are predicted to increase by 2020, anticipated control rates for those requiring treatment are inadequate. Projected rates of treatment with aspirin are notably low, particularly in non‐Hispanic Black individuals.

The evidence supporting lipid‐lowering therapy in MI secondary prevention is clear.^[@b18]--[@b19]^ In meta‐analysis, statins for CVD secondary prevention demonstrated an ≈20% reduction in risk of all‐cause mortality and major vascular events for each 1 mmol/L decrease in LDL cholesterol.^[@b20]--[@b22]^ Major clinical trials that demonstrated the benefit of statins for secondary prevention were released prior to our study period, and the notable rise in overall cholesterol treatment rates and in percentage of individuals specifically on statins observed early in our study period, between 1999--2000 and 2001--2002, may reflect the effect of these studies as well as contemporaneous guideline updates^[@b5]^ on clinician adoption of statins for secondary prevention. During the subsequent duration of the study period, cholesterol treatment remained generally unchanged, until a second notable rise in cholesterol treatment rates between 2009--2010 and 2011--2012 that may in part be related to the release of studies in the late 2000s that supported statin use in primary prevention. This increase is evident in the ≈20% rise in statin use seen in both sexes from 2009--2010 and 2011--2012.

In our analysis we noted that treatment rates in women remained notably below those of men, which may have been due to greater emphasis on prevention in men given the known difference in risk between sexes. Nevertheless, by 2011--2012 women\'s treatment rates surpassed those in men, and treatment and control in both sexes was projected to reach 100% by 2020. The projected rise in treatment rates to 100% by 2020 are encouraging and indicate that cholesterol treatment may reach optimal levels in accordance with American Heart Association goals if the most recent trends continue. These increases in treatment rates corresponded to general improvement in cholesterol levels across the study period, particularly in men and in non‐Hispanic whites. Notably, some cholesterol trends are interpreted with caution in cases of isolated elevated mean levels (eg, 2011--2012 HDL cholesterol in treated men, and 1999--2000 HDL cholesterol in untreated non‐Hispanic blacks) or limited available data (eg, for LDL cholesterol).

The benefits of treating hypertension for the prevention of ischemic heart disease events are also well known^[@b23]^ and include evidence from a recent meta‐analysis that indicated that a blood pressure reduction of 10 mm Hg systolic or 5 mm Hg diastolic in individuals with a history of coronary heart disease results in a 24% reduction in the risk for a recurrent coronary heart disease event.^[@b24]^ In general, treatment is indicated in patients who are hypertensive, although secondary prevention guidelines suggest consideration of ACE inhibitors in MI patients even at normal blood pressure where no contraindications exist.^[@b25]^ Our projections of blood pressure levels and treatment/control rates based on trends under the prevailing hypertension treatment guidelines indicate continued suboptimal blood pressure management, despite the presence of a recommended target blood pressure level of \<140/\<90^4^ mm Hg during the study period. Nevertheless, blood pressure treatment rates by 2011--2012 were on average higher than earlier in the study period, and comparable across sexes. Across race/ethnic groups, trends in treatment rates were statistically significant only in non‐Hispanic blacks (notably to 93% treated by 2011--2012), though in all race groups treatment rates were higher at the end of the study period compared to the beginning.

The number of untreated individuals at ideal, normotensive blood pressure levels (\<120/\<80) remained low during our analysis, but mean blood pressures in those not treated were below \<140/90 mm Hg, suggesting that by blood pressure criteria an antihypertensive medication would not necessarily be indicated. However, as guidelines still suggest consideration of an ACE inhibitor (or, alternatively, an ARB) in all MI patients,^[@b25]^ treatment with this class of antihypertensive drug may still be indicated for prevention of recurrent events. Overall use of ACE inhibitor or ARBs reached 46% in 2011--2012 subsequent to an increasing trend over the preceding decade. This increase was primarily driven by an increase of ACE inhibitor or ARB use in men. Contraindications and/or relative/absolute hypotension would preclude use of these medications, but overall these data suggest room for improvement in antihypertensive medication use in the prevention of recurrent MI, particularly in the case of ACE inhibitors or ARBs in women.

Secondary prevention guidelines also suggest the use of β‐blockers within 3 years of MI (Class I, Level of Evidence: A recommendation) and suggest continuing β‐blockers beyond 3 years (Class IIa, Level of Evidence: B recommendation).^[@b25]^ β‐Blocker use increased primarily in men, and increases were seen in non‐Hispanic blacks and Hispanic/Latinos. However, notably the mean time since MI in this population was ≈10 years, so persistently low use of β‐blockers may reflect weaker evidence for their use multiple years post‐MI.

While diabetes has been found to be an important predictor of recurrent MI and fatal coronary heart disease in both men and women,^[@b26]^ suboptimal diabetes treatment and control may have resulted in part from contemporary uncertainty regarding the efficacy of intensive glycemic control for the reduction of major macrovascular events.^[@b27]--[@b29]^ The tenuous link between intensive blood glucose control and risk for recurrent MI may have prompted clinicians to put a lower priority on use of blood glucose--lowering therapy for secondary prevention, even with a goal HbA1c of \<7% suggested in secondary prevention guidelines.^[@b4],[@b25]^ It is, however, encouraging that the high rates of untreated individuals meeting goal HbA1c levels suggests that those not being treated did not have an indication for glucose‐lowering therapy. Additionally, increasing trends of glucose treatment and control suggest that MI survivors are being monitored and treated as needed for diabetes. As suboptimal diabetes treatment and control rates have potentially serious implications for the development of co‐morbid microvascular disease in MI survivors, continued rigorous assessment of blood glucose is needed to prevent development of diabetes in MI survivors.

Another recommendation for MI survivors is to take aspirin. Use of aspirin is a class IA recommendation for MI secondary prevention^[@b25]^ when no contraindications exist. Aspirin has been shown to reduce the risk of MI in high‐risk patients,^[@b30]^ and 1 meta‐analysis of aspirin for the secondary prevention of vascular disease demonstrated a 20% reduction in coronary events per year in comparison to control groups.^[@b31]^ Although aspirin use trended upwards in both sexes and across all race groups, our results demonstrate significant room for improvement in treatment with aspirin. Although it is unclear how many participants had a contraindication for aspirin use, projections of aspirin use to 2020 based on recent trends suggest that a substantial proportion of MI survivors will not receive appropriate preventive therapy with aspirin. This result is particularly concerning as many patients in this group likely underwent revascularization as a result of their MI, after which aspirin is an indicated postintervention treatment.

Our results demonstrating promising improvements in cholesterol treatment and control but suboptimal projections of blood pressure treatment and control and aspirin use occurred in the setting of well‐known benefits of therapy for secondary prevention of MI, established MI secondary prevention guidelines, and existing national health improvement initiatives such as Healthy People 2020.^[@b4]--[@b5],[@b7],[@b23],[@b25],[@b32]^ Healthy People 2020 does include secondary prevention objectives such as increasing use of aspirin to prevent recurrent cardiovascular events and reducing cholesterol to goal levels in adults with coronary heart disease, although there is no specific objective targeting adequate blood pressure control to prevent recurrent MI. For comparison, recent analysis of treatment trends in MI patients in the United Kingdom during this same time period showed improvements in blood pressure and cholesterol levels as well as treatment rates in coronary heart disease secondary prevention.^[@b33]^

Although treatment decisions must be made individually for each MI patient, the prevalence of a so‐called "optimal regimen" (taking aspirin, a cholesterol‐lowering drug, and a blood pressure--lowering drug) reached only 24% by 2011--2012, suggesting overall inadequate management of MI patients and/or suboptimal adherence to indicated therapies. The overall suboptimal treatment rates we found are consistent with known patterns of low adherence to multidrug regimens for cardiovascular disease prevention within 2 years after initiation of treatment,^[@b34]--[@b35]^ particularly given that participants were on average ≈10 years post‐MI in this sample. Patient sex, race, and ethnicity are consistently implicated as predictors of nonadherence, with black individuals and women having higher rates of medication discontinuation.^[@b36]^ Other factors, including complexity of medical therapy in CVD and polypharmacy,^[@b37]^ as well as medication dosing frequency, patient socioeconomic status, poor understanding of medication benefits, co‐morbidities, and intensity of physician follow‐up^[@b36]^ have been shown to influence nonadherence to medication in secondary prevention. Interventions known to improve adherence to medication in patients with CVD, including reduced dosing frequency, use of fixed‐dose combination therapies, and novel financing strategies such as eliminating co‐payments for secondary prevention, may increase patient adherence to secondary prevention regimens. Provider interventions, such as improved patient communication using social media and health information technology, and outpatient quality improvement programs, are also potential avenues to improve management of MI patients.^[@b36],[@b38]--[@b39]^ Presumably a combination of clinician care‐improvement strategies and patient interventions to improve adherence are needed to improve MI secondary prevention.

Strengths and Limitations
-------------------------

Strengths of our study include a nationally representative sample with availability of data for treatment and control for major risk factors associated with recurrent MI. Furthermore, we calculated treatment rates using a combination of self‐report and information gathered during actual examination of patient\'s prescription medication, reducing potential recall bias. However, there are several limitations. First, we relied on self‐reported MI to define the secondary prevention population, which is subject to recall bias. Nevertheless, previous studies calculate sensitivity of self‐report for acute MI to be 97.7% and specificity \>99%,^[@b40]^ suggesting that self‐reported MI can reliably be used in analysis. Additionally, data on reasons for medication nonadherence, including contraindications to recommended therapy, are not available in NHANES. However, analysis of secondary prevention after other vascular disease events suggests that contraindications account for only about 5% of medication discontinuation.^[@b41]^

Second, our analysis of cholesterol treatment and control focuses on total cholesterol, although prior guidelines targeted LDL goals. While the limited LDL data in our study precluded robust primary analysis of LDL trends, elevated total cholesterol is also associated with coronary heart disease risk^[@b42]--[@b43]^ and has been established as an indicator for monitoring cholesterol‐lowering efforts.^[@b44]^ While participants at the beginning of our study period may have been less healthy than those near the end of the study period, relative risk reduction of secondary prevention medications is similar within all individuals with prior MI, re‐emphasizing the need to improve medication adherence across this entire group.

Third, we did not evaluate trends in coronary revascularization because such data are not available through NHANES, but this may influence rates of medication use, particularly aspirin. Fourth, our sample size is relatively small, which may influence our ability to detect significant trends due to lack of power. Since the United States does not have a national surveillance system to detect nonfatal cardiovascular events, our NHANES analysis provides the available representative estimates of MI secondary prevention. Finally, we are unable to address changes in risk factor treatment and control in MI secondary prevention as a result of updated guidelines and recommendations released subsequent to 2012,^[@b12]^ as NHANES data beyond 2012 are not currently available. The shift in recommendations for treatment of cholesterol may require re‐definition of treatment and control. In our analysis we assess adequacy of MI secondary prevention based on the recommendations in place at the time of data collection, and given the notably suboptimal projections we observed it will be interesting to note whether the new recommendations will help improve treatment and control rates with proven effective therapies.

Conclusions
===========

We present contemporary data from NHANES on MI secondary prevention treatment and control rates for blood pressure, cholesterol, and glucose and use of aspirin therapy. While treatment and control of cholesterol improved over the past decade and is projected to reach previously established goals by 2020, similar results were not found for blood pressure management or aspirin use. These treatment and control gaps occurred under previous iterations of risk factor management guidelines and represent an important focus for targeted efforts to prevent major adverse events in a high‐risk population.
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**Table S2**. 1999-2012 blood pressure trends and projection to 2020 in NHANES participants reporting prior MI, by race

**Table S3**. 1999-2012 blood glucose trends and projection to 2020 in NHANES participants reporting prior MI, by race

**Table S4**. 1999-2012 cardiovascular medication use within sex and race groups in NHANES participants reporting prior MI

###### 

Click here for additional data file.
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